INTRODUCTION
Cell division involves coordinated chromosomal and cytoskeletal rearrangements to ensure the faithful segregation of genetic material into the daughter cells. The chromosomal passenger complex (CPC) has emerged as a central player at several steps in this process (reviewed in Vagnarelli and Earnshaw, 2004; Vader et al., 2006) . At the onset of mitosis, CPC proteins translocate from the arms of the condensing chromosomes to the inner centromeres. At the metaphase to anaphase transition, while the chromosomes move to the poles, CPC proteins dissociate from the centromeres and localize to the microtubules of the central spindle before they eventually associate with the midbody within the intercellular bridge of bundled microtubules that forms at cytokinesis. CPC functions parallel its localization. The complex is involved in chromosome condensation, spindle assembly, correcting microtubulekinetochore interactions that are inappropriate for chromosome alignment, signaling to the spindle checkpoint, and the completion of cytokinesis (reviewed in Vagnarelli and Earnshaw, 2004; Tanaka, 2005) .
The CPC is a complex of one enzymatic subunit, the Aurora B kinase (Ipl1 in S. cerevisiae and AIR-2 in C. elegans), and three regulatory subunits, the inner centromere protein INCENP (Sli15 in S. cerevisiae and ICP-1 in C. elegans), Survivin (Bir1 in S. cerevisiae and BIR-1 in C. elegans), and Borealin (Dasra-B in Xenopus and CSC-1 in C. elegans). Aurora B belongs to a conserved family of Ser-Thr protein kinases comprising also Aurora A and C that are crucial regulators of mitosis in eukaryotes (Giet et al., 2005) . The ever increasing list of Aurora B substrates includes the mitotic histone variant CENP-A (Zeitlin et al., 2001) , the mitotic centromere-associated kinesin MCAK (reviewed in Gorbsky, 2004) , the intermediate filament protein vimentin (Goto et al., 2003) , and the microtubule motor protein Mklp1 at the central spindle and midbody (Guse et al., 2005; Neef et al., 2006) . The current view is that, in general, the targeting of Aurora B to the right substrates at the right place and time is crucial for cell division (reviewed in Vader et al., 2006) . This regulation is achieved by the assembly of the kinase with the other passenger components INCENP, Survivin, and Borealin.
INCENP comprises two functional modules. The conserved C-terminal region (known as the IN-box) binds and activates Aurora B (Bishop and Schumacher, 2002; Honda et al., 2003; Yasui et al., 2004; Sessa et al., 2005) while the N-terminal region binds to Survivin and Borealin and is essential for centromere targeting (Ainsztein et al., 1998; Klein et al., 2006) . INCENP has also been shown to bind microtubules in vitro (Wheatley et al., 2001; Kang et al., 2001 ).
Survivin was originally described as an antiapoptotic protein that is overexpressed in a variety of human cancers (Ambrosini et al., 1997; Reed, 2001) . Although it contains a domain characteristic of the inhibitor of apoptosis (IAP) family, the baculovirus IAP repeat (BIR) domain, the involvement of Survivin in apoptotic regulation is controversial (Lens et al., 2006a) . Indeed, interference with Survivin in both human cells and C. elegans causes mitotic phenotypes similar to those observed upon inhibition of Aurora B but not rapid cell death (Carvalho et al., 2003; Lens and Medema, 2003; Fraser et al., 1999; Speliotes et al., 2000) . Structural studies have shown the involvement of the BIR domain in mediating Survivin homodimerization (Verdecia et al., 2000; Chantalat et al., 2000) , raising the possibility that CPC might function as an oligomer (Vader et al., 2006; Kelly et al., 2007) . Borealin (also known as Dasra) is the most recently identified component of the CPC (Gassmann et al., 2004; Sampath et al., 2004) . No ortholog has been identified to date in yeast, and the C. elegans counterpart (CSC-1) is only distantly related (Romano et al., 2003; Gassmann et al., 2004) . Borealin binds directly to Survivin and INCENP but not Aurora B and shows DNA-binding properties in vitro . Its C-terminal region has been implicated in targeting the CPC to centromeres (Gassmann et al., 2004) .
The emerging picture of the CPC is that of a sophisticated machine engaged in a complex network of interactions. Studies to date have concentrated on the precise contribution of each subunit in localizing the complex. However, dissection of individual functions has been hampered by the interdependence of the different subunits. The outstanding questions we have addressed in this work are why the passenger proteins are interdependent and whether subcomplexes might exist and fulfill different functions.
RESULTS AND DISCUSSION

Identification of Minimal Interacting Domains of Borealin and Survivin
The N-terminal 141 residues of Borealin have been shown to interact with Survivin as efficiently as the full-length protein and to be sufficient for the localization of both Borealin and Survivin to the central spindle and midbody (Gassmann et al., 2004) . Aiming at structural studies, we first assessed the minimal interacting regions of Borealin and Survivin by reconstituting the complex in vitro and subjecting it to limited proteolysis. Full-length (f.l.) human Survivin (residues 1-142) and f.l. human Borealin (1-280) were expressed in E. coli and copurified. Upon trypsin treatment, Survivin remained intact while Borealin was digested to a stable fragment encompassing residues 10-109 (mass spectrometry and N-terminal sequencing; results not shown). Since this Borealin fragment is smaller than the one previously characterized to interact with Survivin and localize to the central spindle and midbody (residues 1-141) (Gassmann et al., 2004) , we proceeded to analyze Borealin .
To assess the function of Borealin 10-109 in localizing the CPC, we used an siRNA-based complementation approach previously described for INCENP . Endogenous Borealin was depleted from HeLa cells using siRNA duplexes targeting the 3 0 UTR region of the transcript. The knock down of Borealin resulted in the displacement of all other CPC members from the centromere at prometaphase, as well as the central spindle and midbody during anaphase and cytokinesis, respectively ( Figure 1A ). In these cells chromosome alignment as well as chromosome segregation was severely perturbed as judged by incomplete metaphase plate formation and lagging chromosomes in anaphase cells and cells that commence cytokinesis. In contrast, in cells simultaneously transfected with Myc-tagged f.l. Borealin, the recruitment of the CPC to its distinct localizations was rescued and chromosome alignment and chromosome segregation occurred properly ( Figure 1B ). In the same assay, Myc-tagged Borealin 10-109 was unable to restore localization of the CPC to the centromere, but it targeted the CPC to the central spindle and midbody ( Figure 1C) . A shorter N-terminal fragment of Borealin (Borealin 10-57 ) did not rescue the localization of the CPC during progression through mitosis ( Figure 1D ).
We next tested if Borealin 10-109 could rescue the cytokinesis defect observed upon CPC depletion. While Borealin depletion resulted in 33.6% of multinucleated cells, rescue with f.l. Borealin led to a decrease to 12.8%. (Figure 1E ). Interestingly, cell division was largely restored in cells rescued with Borealin 10-109 but not Borealin 10-57 (12.9% multinucleation and 32.4% multinucleation, respectively). Cells expressing these fragments showed chromosome segregation defects (data not shown), as would be expected from the loss of centromere-related functions of Aurora B. In coimmunoprecipitation experiments using the Myc-tagged Borealin constructs, Borealin 10-109 efficiently pulled down INCENP, Aurora B, and Survivin, while Borealin 10-57 did not coimmunoprecipitate any of the other CPC subunits ( Figure 1F ). Thus, Borealin 10-109 is functional in vivo to form a minimal CPC core complex that localizes to the central spindle and Figure 2B ). The Survivin-Borealin 10-109 complex migrated in size-exclusion chromatography at a smaller volume than would be expected from the calculated mass (27.8 kDa) ( Figure 2C ). Since gel filtration is sensitive to the shape of the molecule and since Survivin is known to form a homodimer with an elongated shape (Verdecia et al., 2000; Chantalat et al., 2000) , we tested the oligomeric state of the Survivin-Borealin 10-109 complex by analytical ultracentrifugation. In a sedimentation velocity experiment carried out with 32 mM Survivin-Borealin 10-109, the complex sedimented as a single peak with a molecular mass of 53 kDa ( Figure 2D ) in good agreement with the calculated molecular weight of a homodimeric Survivin-Borealin 10-109 assembly.
Remarkably, the reconstituted ternary complex comprising Borealin 10-109 , Survivin, and INCENP 1-58 eluted in size-exclusion chromatography at an apparently lower molecular mass than the Survivin-Borealin 10-109 binary complex ( Figure 2C ). By analytical ultracentrifugation, Survivin-Borealin 10-109 -INCENP 1-58 sedimented at a molecular mass of 35 kDa ( Figure 2D ), consistent with a complex of 1:1:1 stoichiometry (calculated molecular weight 34.7 kDa). Reconstitution of the ternary complex with f.l. Borealin and subsequent proteolysis resulted in an identical Borealin fragment as obtained from the binary complex (data not shown). We conclude that Borealin 10-109 , Survivin, and INCENP 1-58 interact directly in vitro to form a minimal CPC core complex of monomeric nature.
Overall Structure of the Survivin-Borealin 10-109 -INCENP 1-58 Core Complex The Survivin-Borealin 10-109 -INCENP 1-58 complex was crystallized and its structure determined by single-wavelength anomalous dispersion (SAD). The structure was refined to 1.4 Å resolution, with an R factor of 18.5%, R free of 20.2%, and good stereochemistry (Table S1 ). The final model includes residues 5-141 of Survivin, 15-76 of Borealin, and 3-46 of INCENP, for which we observe well-defined electron density ( Figure S1 ). The other residues present in the crystallized constructs are presumably disordered.
The overall tertiary structure of Survivin in the complex is very similar to that reported previously in the absence of other CPC components (Verdecia et al., 2000; Chantalat et al., 2000; Sun et al., 2005) . Briefly, Survivin is characterized by an N-terminal globular domain (the BIR domain) and a long C-terminal helix spanning 11 helical turns (C helix) ( Figure 3A , upper panels). The BIR domain (residues 15-89) consists of a three-stranded antiparallel b sheet surrounded by four helices. It includes a Zinc ion that has a structural role and is coordinated by the conserved residues Cys57 Sur , Cys60
Sur , His77
Sur , and Cys84
Sur (throughout the text the ''Sur''' superscript refers to residues of Survivin, while the ''Bor'' and ''INC'' superscripts refer to residues of Borealin and INCENP, respectively). A short linker (residues 90-99) connects the BIR domain to the C helix (residues 100-142). The C helix contacts the BIR domain with its first five helical turns and then extends away for about 25 Å . The extent of intramolecular interactions suggests that Survivin forms a single structural unit, consistent with its stability upon protease treatment and with the unfolding detected by NMR upon separating the C helix from the BIR domain (Sun et al., 2005) . Borealin and INCENP bind Survivin to form a three-helix bundle ( Figure 3A ). INCENP forms a single a helix that is 10 turns long (residues 8-46) and stacks parallel to the Survivin C helix. Borealin is also characterized by a long a helix (a B 1, residues 15-60), which stacks with 12 turns against the Survivin C helix in an antiparallel fashion. In addition, Borealin contains two small a helices (a B 2, residues 63-67 and a B 3, residues 70-75,) arranged almost perpendicular to the bundle. This part of the molecule caps the first turn of the Survivin C helix and wraps around the linker ( Figure 3A , upper panels).
A structure-based sequence alignment of the regions of the three components involved in the formation of the CPC core structure in human, Xenopus laevis, and Danio rerio ( Figures 3B and S2) shows 35%, 30%, and 30% sequence identity for Survivin, Borealin, and INCENP, respectively. The majority of conserved residues either form the core of the three-helix bundle or the core of the BIR domain of Survivin. The core of the helical bundle is formed by an intertwined set of hydrophobic interactions with residues contributed by all three proteins ( Figure 3A, Figure 3A , close-up view, right panel).
Borealin and INCENP Bind Survivin at Its Dimerization Interface
The structural comparison of CPC-bound Survivin and apo-Survivin at the tertiary structural level reveals a significant difference in the conformation of the C helix, the C-terminal half of which swings away by 12 in the CPCbound state ( Figure S3 ). However, the most striking difference between the apo state and the CPC-bound state is in its quaternary structure. Survivin exists as a homodimer in the apo state ( Figure 4A , upper panel) and as a monomer in the CPC-bound state ( Figure 4B, upper panel) . In the apo state, dimerization of human Survivin is mediated by the first turn of the C helix, the linker region, and the N-terminal residues of the BIR domain (Verdecia et al., 2000; Chantalat et al., 2000; Sun et al., 2005 and Gly99 Sur in the apo structure ( Figure S4 ). Formation of the complex involves an induced-fit rearrangement of the hydrophobic residues of Survivin, which undergo small but relevant changes in the positioning of their side chains to recognize Borealin and INCENP ( Figure S3 ).
Dissociation of Survivin or INCENP from Borealin Impairs CPC Localization
The finding of a stable Survivin-Borealin subcomplex of the CPC in vitro (Figure 2 ) and data on the existence of an INCENP-Aurora B subcomplex (Gassmann et al., 2004) prompted us to investigate the effect of disrupting specific subsets of protein-protein interactions. First, we analyzed the structure to identify residues of Borealin whose mutation would specifically disrupt its binding to Figure 5D ). Being able to constitute different subcomplexes of the CPC in vivo we utilized the siRNA rescue assay mentioned above to evaluate their functionality (see controls in Figure 1A ). Borealin W70E, F74E as well as Borealin R35E, L46Y did not rescue the localization of the CPC to either the centromere or to the central spindle and midbody ( Figures 5E and 5F ). Thus, dissociation of Survivin from the CPC impairs the overall localization of the CPC, and a subcomplex consisting of Survivin and Borealin (lacking INCENP and Aurora B) is unable to target to any defined subcellular site. Notably, Aurora B did not coimmunoprecipitate with Borealin and Survivin in the absence of INCENP (Borealin mutant R35E, L46Y, Figure 5D ), while it was coimmunoprecipitated with Borealin and INCENP in the absence of Survivin (Borealin mutant W70E, F74E, Figure 5D ).
An INCENP-Aurora B Subcomplex Does Not Provide HoloCPC Function In Vivo
The recent hypothesis that multiple chromosomal passenger complexes might coexist and fulfill different functions has attracted broad attention (reviewed in Vagnarelli and Earnshaw, 2004) . In particular, it has been shown that a subcomplex of INCENP and Aurora B (lacking Survivin and Borealin) is present in Borealin-depleted HeLa lysates, prompting the speculation that this subcomplex might accomplish mitotic functions (Gassmann et al., 2004 Figure 6A ). Coimmunoprecipitation assays confirmed that the INCENP F22R, L34R mutant retained binding to Aurora B but was unable to interact with Borealin and Survivin ( Figure 6B) .
To evaluate the functionality of this INCENP-Aurora B complex, we again made use of the established siRNA rescue approach . As previously shown, knockdown of INCENP resulted in the loss of CPC components from the centromere, the central spindle, and the midbody and led to defects in chromosome alignment and chromosome segregation as outlined above for Borealin knockdown ( Figure 6C ). Ectopic expression of GFP-tagged full-length INCENP in the siRNA-treated cells restored the localization of CPC components and proper progression through mitosis ( Figure 6D ). In contrast, the INCENP F22R, L34R mutant restored neither the centromere localization nor the central spindle and midbody localization of CPC ( Figure 6E) . Notably, the INCENPAurora B complex also failed to rescue the mitotic functions of the holoCPC, as determined by staining with phospho-specific antibodies against CENP-A, a known Aurora B substrate ( Figure 6F ). Thus, an engineered INCENP-Aurora B complex unable to bind Survivin and Borealin does not target to any defined structure during mitosis and is not able to restore holoCPC function on chromatin.
Conserved Residues of the Survivin BIR Domain Are Exposed to Solvent in the CPC Conserved surface residues are in general candidates for mediating functionally important interactions, as they are accessible to incoming macromolecules. Formation of the CPC masks a significant portion of the solvent-exposed surfaces of the individual subunits. While the conserved hydrophobic surface of the C helix of Survivin is entirely masked in the CPC, the BIR domain remains largely accessible (Figure 3) .
RNAi rescue experiments using either deletion mutants (Survivin 89-142) or unfolding mutants (Survivin C84A) have shown that the BIR domain is dispensable for cytokinesis but required for centromere function (Lens et al., 2006b ). The BIR surface has prominent patches of conserved, negatively charged residues (Figures 7A and  7B ). These include Asp53
Sur , whose mutation had been shown to impair the association with centromeres in prometaphase but allows correct localization to the midbody during cytokinesis (Song et al., 2004) . This defect in centromere localization is similar to that observed upon removing the C-terminal domain of Borealin (Figure 1C ). Also exposed are the conserved Asp70 Sur and Asp71
Sur ; mutation of these residues to alanines was reported to cause mislocalization of Survivin throughout mitosis (Cao et al., 2006) . How Survivin and the C terminus of Borealin cooperate to confer specific centromere localization to the CPC remains to be investigated, particularly with regard to the reported role for deubiquitination of Survivin in the centromere localization of the CPC (Vong et al., 2005) . In budding yeast, a Bir1(Survivin)-Sli15(INCENP) complex has previously been implicated in connecting centromeres to microtubules (Sandall et al., 2006) , suggesting the presence of a functional binary (Bir1-Sli15) subcomplex. In S. cerevisiae, however, no Borealin homolog has yet been identified. It is possible that in budding yeast the function of Borealin might be performed by an additional domain of Bir1 (yeast Bir1 is much larger than mammalian Survivin) or by another protein altogether.
The Helical Bundle Is Essential for the Central Spindle and Midbody Localization of CPC
Earlier work has demonstrated that INCENP residues 32-44 (Xenopus numbering) are essential for centromere targeting (Ainsztein et al., 1998) . This observation can be rationalized in light of the structure, which suggests that deletion of residues 32-44 of INCENP might result in a considerable loss of interaction with Survivin and Borealin ( Figure 3B) . Interestingly, however, residues Glu35 INC , Glu36 INC , Glu39 INC , and Glu40 INC are not involved in structural interactions of the CPC but form a conserved negatively charged patch on the surface (Figures 7A and 7B ). We therefore tested the effect of specifically mutating this conserved set of exposed glutamic acids to positively charged residues in the context of full-length INCENP. In line with the structural analysis, the INCENP E35/36/39/ 40R mutant was able to assemble with the other CPC components to form the holo-complex in vivo (as shown by coimmunoprecipitation in Figure 6B ) and localized correctly to centromeres. However, INCENP E35/36/39/40R did not localize to the central spindle and midbody in anaphase or cytokinesis but remained on the chromatin ( Figure 7C ). Adjacent to the INCENP negative cluster, at the tip of the helical bundle, Borealin features several conserved positively charged surface residues ( Figures 7A and 7B) . Remarkably, mutation of Arg17
Bor , Arg19
Bor , and Lys20
Bor to glutamic acids resulted in a phenotype similar to that of the INCENP E35/36/39/40R mutant. The Borealin R17/R19/K20E mutant was able to bind all other CPC members in vivo (coimmunoprecipitation in Figure 5D ) but was unable to dissociate from chromatin and associate with the central spindle or the midbody ( Figure 7D ). This phenotype might be due to the impairment of modifications on either the CPC or chromatin that would cause persistent binding to chromosomes in anaphase or to the inability to bind a factor that might promote the dissociation from chromatin. We next ask if INCENP E35/36/39/40R and Borealin R17/R19/K20E can execute the normal CPC function during metaphase and cytokinesis. As the wild-type proteins, both Borealin R17/R19/K20E and INCENP E35/36/ 39/40R restored chromosome alignment on the metaphase plate and phosphorylation of CENP-A ( Figures 7E  and 7F ), suggesting that Aurora B kinase activity was not affected by these mutants. However, both mutants were unable to rescue the cytokinesis defect seen upon depletion of Borealin or INCENP (Figures 7G and 7H) . This observation suggests that the central spindle and midbody binding of the CPC is required for proper execution of cytokinesis.
Structural Basis for the Inability of Survivin Isoforms to Function in Mitosis
The survivin gene gives rise to alternatively spliced transcripts, the expression of which has been correlated with cancer progression (Wheatley and McNeish, 2005; Li, 2005) . Initial reports suggested that the different splice variants might fine-tune the activity of Survivin in cancer cells by forming heterodimers with the wild-type protein (Caldas et al., 2005) . More recently, however, it has been shown that these variants neither colocalize nor coimmunoprecipitate with other CPC components (Noton et al., 2006) . This behavior can readily be rationalized upon comparison of the amino-acid sequence of the Survivin isoforms with the structure of the CPC-bound Survivin. None of these variants is expected to incorporate productively into a CPC structure ( Figure S5 ).
Conclusions
The crystal structure of the regulatory core of the CPC presented here together with the structure of Aurora B in complex with unphosphorylated INCENP (Sessa et al., 2005 ) suggests a composite model for the functional holoCPC. The N-terminal domains of Borealin (15-76) and IN-CENP (1-46) together with Survivin form the core of the CPC. The CPC core (in the presence of f.l. INCENP) is sufficient to target to the central spindle and midbody, but centromere targeting requires also the C-terminal domain of Borealin. The data reported here suggest that there is no significant direct interaction of Aurora B with Survivin or Borealin, in line with the view that Aurora B is incorporated into the CPC via binding to the IN-box of INCENP. INCENP regulates the localization of Aurora B by interacting with Borealin and Survivin via its N-terminal domain . The role of the coiled-coil domain of INCENP that is predicted between the N and C terminus
is not yet clear but might simply reside in connecting the two functional modules of the protein. The experiments reported here unambiguously show that the core of the CPC is formed by the molecular interaction between the CPC components in a 1:1:1 ratio. In light of the recent report on the activation of Aurora B by the chromosomal enrichment of CPC (Kelly et al., 2007) , it is possible that in the presence of appropriate interacting proteins at the centromeres and central spindle, the CPC components might assemble into a larger complex of oligomeric nature.
Previous attempts at dissecting the role of individual passenger proteins in regulating the Aurora B kinase suggested an extraordinary interdependence between the subunits (Vagnarelli and Earnshaw, 2004) . The structural basis for this interdependence becomes evident in light of the crystal structure of the core CPC. A complex network of intermolecular interactions observed within the passenger proteins stabilizes the core of the CPC and holds the subunits together. Although the function and regulation of Aurora B involves three different proteins, these operate as a single structural unit. Specific disruption of any single passenger protein results in the impairment of the structural unit and in the failure of CPC targeting. This unit forms a composite molecular surface that is required to localize the CPC to the central spindle and midbody. In future studies it will be interesting to explore the relationship between this composite surface and potential interaction partners of the CPC at the central spindle (Gruneberg et al., 2004) as well as the effect of phosphorylation and microtubules on the localization of Aurora B and INCENP (Pereira and Schiebel, 2003; Murata-Hori et al., 2002) .
EXPERIMENTAL PROCEDURES Crystallization and Data Collection
The protein complex was reconstituted by expressing the proteins in E. Coli as described in the Supplemental Data. Crystals were obtained in 50 mM MES (pH 6) and 10% PEG 3350. Thirty percent (v/v) PEG 400 prepared using mother liquor was used as cryo-protectant. The crystals diffracted to 1.4 Å resolution at the PX beamline X06SA at the Swiss Light Source (SLS), Switzerland (Table S1 ).
Crystal Structure Solution and Refinement
The structure of the ternary complex was determined using the Single Anomalous Dispersion (SAD) method, exploiting a Zn atom endogenously bound to Survivin. SAD data were collected to 1.72 Å resolution at the Zn edge (1.281 Å ). Data were processed with MOSFLM (CCP4, 1994) and scaled using SCALA of CCP4 (CCP4, 1994) . SAD phasing and the calculation of the initial map were done using HKL2MAP (Pape and Schneider, 2004) . Density modification combined with iterative automated model building using ARP/wARP (Morris et al., 2003) resulted in a model that accounted for the 70% complete structure. The model was completed by manual building with COOT (Emsley and Cowtan, 2004 ) and refined against a 1.4 Å resolution native data set using REFMAC5 (Murshudov et al., 1997) . Data collection, phasing, and refinement statistics are shown in Table S1 .
Analytical Ultracentrifugation
Sedimentation velocity experiments were done at 4 C using 2-channel charcoal centerpieces at 48,000 rpm in a Beckman Optima XL-A centrifuge fitted with a four-hole AN-60 rotor using samples dialyzed overnight in buffer containing 20 mM Tris, pH 8.0, 250 mM NaCl, and 1 mM b-mercaptoethanol. Data were analyzed as described in the Supplemental Data. AUC experiments at different concentrations show consistent results, as do static light-scattering results ( Figure S6 ).
Direct Yeast Two-Hybrid Analysis cDNAs encoding the respective prey or bait proteins/protein fragments were cloned in-frame with the GAL activation domain of pACT2 or pGAD vectors or the GAL-binding domain of pFBT9 or pGBD vectors. Directed yeast two-hybrid assays were performed as described .
Coimmunoprecipitation
HeLa S3 cells were grown under standard conditions in 15 cm dishes. Plasmid transfections were performed using FuGENE 6 reagent (Roche Diagnostics) according to the manufacturer's instructions. Cells were synchronized by aphidicolin release followed by mitotic shake-off. Subsequently, cells were pelleted and washed in PBS twice and immunoprecipitations were done as described . GFP-tagged INCENP proteins or Myc-tagged Borealin proteins were precipitated from the cleared lysate with sheep anti-GFP antibodies or mouse anti-Myc antibodies (clone 9E10), respectively. Antibodies used for western blotting have been described previously .
Rescue Experiments and Immunofluorescence Microscopy
HeLa S3 cells were grown on coverslips in six-well plates. siRNA using Oligofectamine (Invitrogen) and plasmid transfection using FuGENE (Roche) were performed in parallel according to the manufacturers' instructions. Cells were incubated for 48 hr and fixed in 3% paraformaldehyde. Evaluation of rescue experiments was performed as described with similar numbers of cells analyzed. Antibodies, plasmids, and siRNA duplexes targeting the 3 0 UTR region of passenger proteins have been described and images were acquired as previously outlined . 
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